or placebo. With regard to composite primary outcome variables (risk of venous thromboembolism, stroke, or transient ischemic attack) at 3 months, no significant difference was seen with warfarin (odds ratio, 1.13; 95% confidence interval, 0.82-1.56; P=0.67). Moreover, anticoagulation was also not shown to improve outcomes at time interval >3 months (odds ratio, 1.12; 95% confidence interval, 0.80-1.58; P=0.79). Conclusions-Contrary to the current guidelines, a meta-analysis of previous studies suggests that anticoagulation in the setting of an aortic bioprosthesis significantly increases bleeding risk without a favorable effect on thromboembolic events.
T hromboembolism, including systemic emboli and prosthetic valve thrombosis, is among the most dreaded complications after aortic valve replacement, with an annual incidence of major thromboembolism approaching 1.8 and 8 events per 100 patient-years on and off anticoagulation, respectively. Anticoagulation with warfarin is now routinely practiced with mechanical prosthetic heart valves to reduce this risk. [1] [2] [3] In contrast to the lifelong necessity of anticoagulation with mechanical valves, the need for and optimal duration of anticoagulation after bioprosthetic valve implantation remains a contentious matter. [4] [5] [6] Warfarin requires close monitoring, has many well-described food-drug and drug-drug interactions, and increases the risk of serious bleeding complications (approaching 1% annually). The risk of thromboembolism and bleeding seems highest in the first 3 months after either mechanical or bioprosthetic valve implantation. 7 With bioprostheses, this is the presumed time it takes for adequate endothelialization of the valve cuff to occur. 7 The current American Heart Association/American College of Cardiology guidelines recommend considering 3 months of Background-The American College of Cardiology guidelines recommend 3 months of anticoagulation after replacement of the aortic valve with a bioprosthesis. However, there remains great variability in the current clinical practice and conflicting results from clinical studies. To assist clinical decision making, we pooled the existing evidence to assess whether anticoagulation in the setting of a new bioprosthesis was associated with improved outcomes or greater risk of bleeding. Methods and Results-We searched the PubMed database from the inception of these databases until April 2015 to identify original studies (observational studies or clinical trials) that assessed anticoagulation with warfarin in comparison with either aspirin or no antiplatelet or anticoagulant therapy. We included the studies if their outcomes included thromboembolism or stroke/transient ischemic attacks and bleeding events. Quality assessment was performed in accordance with the Newland Ottawa Scale, and random effects analysis was used to pool the data from the available studies. I 2 testing was done to assess the heterogeneity of the included studies. After screening through 170 articles, a total of 13 studies (cases=6431; controls=18210) were included in the final analyses. The use of warfarin was associated with a significantly increased risk of overall bleeding (odds ratio, 1.96; 95% confidence interval, 1.25-3.08; P<0.0001) or bleeding risk at 3 months (odds ratio, 1.92; 95% confidence interval, 1.10-3.34; P<0.0001) compared with aspirin anticoagulation (class IIb recommendation with B-level evidence) after bioprosthetic aortic valve implantation. However, many investigators have questioned this approach in the absence of other risk factors predisposing to thromboembolism, and anticoagulation for bioprostheses is not generally practiced. Advances in cardiothoracic surgical techniques have greatly reduced operative risk and expanded the candidacy of older and higher risk patients for aortic valve replacement. Nowhere is this better evident than with transcatheter aortic valve replacement (TAVR), where survival benefit has been demonstrated in patients previously felt to be at prohibitive risk from traditional surgical techniques. Previous bioprostheses can also provide the scaffolding to facilitate future TAVR. As a result, more and more bioprosthetic valves are being implanted into the aortic position. The issue of routine anticoagulation in these patients has resurfaced with a recent publication linking the absence of postprocedural anticoagulation to reduced leaflet motion and subsequent stroke. In the present systematic review and meta-analysis, we have aimed to pool the existing published data to further assess the clinical efficacy and risks of anticoagulation in the setting of bioprosthetic aortic valve replacement.
Methods
The PubMed database was diligently searched to collect studies for the meta-analysis. Using the options of advanced search, the website was thoroughly filtered for warfarin, aspirin, bioprosthetic in aortic valve replacement, and mechanical in aortic valve replacement, and original research, including both observational studies and clinical trials, was selected.
Using the above search criteria, 13 studies [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] were identified from the commencement of the database until April 2015, where anticoagulation with warfarin (case) was compared with either aspirin or no antiplatelet or anticoagulant therapy (control). Data extracted from each study included the primary outcome of clinical evidence for thromboembolism or stroke/transient ischemic attack and the secondary outcome of major bleeding. Outcomes were analyzed ≤3 months following surgery and >3 months after surgery for the primary outcome and at 3 months and the overall length of follow-up for the secondary outcome. Studies were included based on the assessment of anticoagulation in the setting of bioprosthetic aortic valve replacement regardless of whether concomitant coronary artery bypass grafting was performed. We excluded studies that did not specify bleeding rates, did not report hard clinical end points, or did not specify the duration of follow-up. Only English language articles were included. Data were extracted from the studies based on the demographic and clinical attributes and were tabulated. Quality assessment was performed in accordance with the Newland Ottawa Scale, and random effects analysis was used to pool the data from the available studies, which was expressed in the form of forest plots. Data were pooled for the clinical end points, including major adverse cardiac and cerebrovascular events, as well as bleeding. I 2 testing was done to assess the heterogeneity of the included studies. Publication bias was assessed and represented in the form of a funnel plot ( Figure 1 ).
For the purpose of analysis, the 2 groups considered were warfarin as case and no warfarin as control. Data were analyzed through the Stata Statistical Software (StataCorp LP, College Station, TX). Comparison statistics were performed using Fisher exact tests and χ 2 test, as appropriate. For all tests, P<0.05 was considered statistically significant. Results were expressed as ranges in the form of 95% confidence intervals whenever possible.
Results
A total of 13 studies (cases, n=6431 and controls, n=18 210) were included in the final analyses. The search strategy is detailed in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses sheet ( Figure 2 ). The demographic and clinical characteristics along with the inclusion and exclusion criteria and the quality assessment (Data Supplement) as per the Newland Ottawa Scale are delineated in the Tables 1 and 2 . As seen in the table, all the included studies were observational in nature, including 4 retrospective and 9 prospective cohort studies. Hence, no randomized controlled trials addressing the research question were identified.
WHAT IS KNOWN
• Lifelong anticoagulation is needed after the mechanical aortic valve replacement; however, the necessity and duration of anticoagulation after bioprosthetic aortic valve remain controversial. • The current American College of Cardiology/American Heart Association guidelines for valvular heart disease recommend only short-term (3 months) anticoagulation after aortic valve replacement with a bioprosthesis in the absence of another indication for chronic anticoagulation.
WHAT THE STUDY ADDS
• The pooled analysis of existing studies indicates that chronic anticoagulation does not reduce the incidence of thromboembolic events and may increase the risk of major bleeding. • All the studies included in the analysis were observational as randomized controlled trials are not available. • This study supports the current American College of Cardiology/American Heart Association guideline recommendations. Randomized controlled trials would be needed to determine more definitively the efficacy and safety of long-term anticoagulation after bioprosthetic valve implantation. The duration of anticoagulation used in 8 of 13 studies was 3 months, whereas it varied in other studies (1, 6, 12, and 24 months). Most of the studies 6 were conducted in the United States. The mean age of patients enrolled in these studies was >70 years. Hypertension and heart failure were the most common comorbidities. All of the included studies assessed outcomes in terms of neurological complications, including transient ischemic attack, stroke, thromboembolism, and major bleeding complications, although the definitions of these outcomes differed between the studies. The use of warfarin was associated with a significantly increased risk of overall bleeding (P=0.013; odds ratio, 1.38 [1.07-1.78]; Figure 3 ) with a trend toward increased bleeding at 3 months as well (P=0.084; odds ratio, 1.26 [0.97-1.64]; Figure 4 ) compared with either aspirin or no therapy/placebo. With regard to composite primary outcome variables (risk of venous thromboembolism, stroke, or transient ischemic attack) at 3 months, no significant difference was seen with warfarin (P=0.967; odds ratio, 1.01 [0.56-1.84]; Figure 5 ). Moreover, anticoagulation was also shown not to improve outcomes after 3 months (P=0.780; odds ratio, 1.08 [0.61-1.91]; Figure 6 ).
Discussion
Our pooled meta-analysis of published studies suggests that anticoagulation after aortic valve bioprosthesis implantation does not reduce the risk of clinical thromboembolic events and significantly increases the risk of bleeding. This is a critically important clinical finding that is contrary to current guideline recommendations. The rationale for anticoagulation stems from microthrombi that are occasionally observed on valves during early postoperative imaging.
Only recently, has this phenomenon been directly linked to neurological events. 21 It remains uncertain, however, how commonly it occurs population wide. The perioperative period is a well-known hypercoagulable milieu, and the risk of thromboembolism in these patients rapidly declines over time. As such, any benefit from anticoagulation would likely be seen very early after surgery. It is further important to recognize that the highest risk for thrombi occurs during a period (within the first 24-48 hours) when anticoagulant use is generally prohibited because of the risk for incisional bleeding, an event that is strongly linked to perioperative morbidity and mortality.
Most patients who currently undergo AVR are older (>65 years of age) and at higher risk overall for both thrombotic and bleeding events. Weighing the risk-benefit profile for anticoagulation in these patients is extremely important. With increasing longevity, it is expected that greater numbers of elderly patients will receive AVR; data from observational studies confirm that bioprosthetic valve use has been progressively increasing. 22, 23 Because the decision to implant a bioprosthesis is often primarily driven by the desire to avoid anticoagulation, the lack of benefit from anticoagulation seen in our study is reassuring.
A meta-analysis is unfortunately only as strong as its individual components, and this is the main limiting factor of our study. We found a surprising paucity of prospective data on this subject; the absence of any randomized controlled trials in this area is indeed disappointing, particularly given the number of decades that bioprostheses have regularly been used. Most of the studies included were observational cohorts subject to considerable selection bias. Furthermore, the settings for each of these studies were conducted differed, as was the operative and postoperative management and follow-up. We identified significant heterogeneity among the included studies and analyzed our results through a random effects model to account for this. The studies provided little information on the international normalized ratio values, and as such little can be said about the degree of compliance and adherence to warfarin therapy. Some investigators have suggested that the valve morphology in terms of size and prosthesis-patient matching may be important AC indicates anticoagulation; AF, atrial fibrillation; ASA, aspirin; BAVR, bioprosthetic aortic valve replacement; CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; GIB, gastrointestinal bleed; IABP, intra-aortic balloon pump; IE, infective endocarditis; N/A, not available; NOS, Newland Ottawa Scale; TE, thromboembolism; TIA, transient ischemic attack; and VKA, vitamin K antagonist. attributes in determining long-term prognosis. Not all the studies included these data and any subgroup analysis would, therefore, be of limited power. Further discussion of some of the contributing studies to our analysis is certainly warranted. We excluded trials using the herbicide triflural and the antiplatelet agent ticlopidine 24 because neither is currently used in the postoperative setting. In one of the largest studies comprising our analysis, the act of withholding anticoagulation <6 months after initiation was associated with a greater likelihood of cardiovascular death. Interestingly, the risk of bleeding was greater in nonanticoagulated patients compared with those who were receiving warfarin. This brings up possible confounding, including whether patients in the control arm may have experienced a bleeding incident that resulted in the discontinuation of warfarin or whether nonanticoagulated patients were simply too sick to ever receive any anticoagulation.
In our analysis, some patients in the control arm received aspirin; it is reasonable to wonder whether aspirin's effect could have masked the potential benefit of anticoagulation. A recent study that may provide insight into this question assigned patients to either 100 mg of aspirin or no antiplatelet therapy after AVR based on surgeon preference. Interestingly, no significant change in clinical events was seen in patients who received aspirin. 24, 25 Another of these studies used propensity-matched analysis in an attempt to overcome the limitations of observational study design and also found a similar lack of benefit for aspirin.
The results of a randomized controlled trial suggested increased risk of major adverse cardiovascular events with dabigatran compared with the warfarin in the setting of mechanical valves. 26 This has limited the use of direct acting oral anticoagulants in the setting of bioprosthetic valves, and to the best of the authors knowledge, there is no study of the direct acting agents in the setting of aortic valve bioprosthesis.
Whether our findings are applicable to patients who undergo TAVR is currently unknown. Several recent observational studies have suggested that the antithrombotic therapies used after the TAVR vary greatly. 27 The meta-analysis on the use of single versus dual antiplatelet therapies after TAVR suggested increased bleeding at 30 days when dual antiplatelet therapies were used. 28 Moreover, a small study suggested the incidence of valve thrombosis in post-TAVR patients found via autopsy. 29 Most investigators think that transcatheter valves are comparable favorably with surgically implanted valve and that potential mechanisms of thrombosis should be similar. It is important to recognize that the inflammatory milieu differs between and surgical AVR. For the former, antiplatelet therapy has been aggressively used although recent studies question whether anticoagulation should also be considered. The best manner in which to determine the value of anticoagulation in these patients and patient with surgical AVR would be with a randomized controlled trial that would ideally be triple armed (antiplatelet versus anticoagulant versus placebo). Until that time, our analysis suggests that anticoagulation of bioprosthetic valves in the absence of other indications for thrombosis prevention seems to be a dangerous practice. 
